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ABSTRACT 


A series  of  experiments  were  run  In  the  140 
foot  model  basin  at  the  David  W.  Taylor  Naval 
Ship  R&D  Center  (DTNSRDC)  to  determine  the  loads 
Induced  on  one  ship  when  passed  by  another  ship  in 
a shallow  canal.  Two  3.84  m LWL  ship  models  were 
used  In  the  experiments  In  a 3.05  m wide  by  .25 
m deep  canal.  Model  force  and  moment  ^loading 
data  and  the  results  from  a maneuvering  simulation 
show  that  two  way  traffic  with  large  ships  In  the 
Galllard  Cut  of  the  Panama  Canal  may  be  feasible. 

The  acceleration  and  deceleration  of  a ship  crossing 
Mlraf lores  Lake  are  also  discussed. 
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; INTRODUCTION 

A project  is  being  performed  by  DTNSRDC  for  Che  Panama  Canal  Company 

, involving  the  measurement  of  hydrodynamic  forces  on  large  ships  operating 

' in  the  confined  waters  of  the  canal.  This  Involves  two  phases:  a study 

1 of  two  ships  passing  head  to  head  in  the  Galllard  cut,  and  a study  of 

■I 

the  acceleration  and  deceleration  of  a ship  crossing  Miraf lores 
Lake . 

Currently,  small  ships  are  allowed  through  the  Galllard  cut  in 
two  lanes  of  traffic.  However,  larger  ships  are  allowed  through  the 
cut  in  one  lane  only,  stopping  travel  in  the  other  direction.  This  is 
done  as  a safety  precaution.  The  objective  of  the  passing  study  is  to 
provide  guidelines  for  two  way  traffic  with  large  ships  through  the 
Galllard  Cut  to  decrease  the  average  transit  time. 

Experiments  were  conducted  in  the  140  foot  basin  at  DTNSRDC  to 
determine  the  forces  and  moments  exerted  on  one  ship  when  passed  by 
another  ship  in  a shallow  canal.  Two  3.84  m Mariner  ship  models  were 
used  in  the  experiments  in  a 50:1  scale  model  of  a canal  with  the  same 
dimensions  as  the  Galllard  cut.  Speed,  clearances  between  the  two  models, 
and  draft  were  varied.  Only  head  to  head  passing  was  investigated. 

The  results  from  the  model  tests  were  used  in  a maneuvering  simulation 
to  determine  the  effects  of  the  forces  and  moments  on  the  ship's  path 
and  heading. 


MANEUVERING  DYNAMICS  IN  A CANAL 
The  primary  purpose  of  this  study  is  to  illustrate  the  lateral 
plane  motions  (deviation  from  initial  path  and  heading)  of  a ship  in 


a narrow,  shallow  canal  when  It  is  passed  by  another  ship  moving  in 
an  opposite  direction.  The  case  of  a single  ship  moving  in  a canal  has 
been  studied  by  Fujino^,  and  his  mathematical  formulation  has  been 
adopted  for  the  passing  situation. 

The  linearized  equations  of  motion  for  sway  and  yaw  may  be 
written  as 

(m-Y^)  V = Y^v  + (-TiiUg  + Y^)r  + Y^r  + Yg6  + Y^n  + 

(1) 

(I  - N.)f  = N V + N r + N.v  + N.6  + N n + N 
zzr"^  V r V 6 n p 

where  m and  the  ship  mass  and  yaw  inertia,  v and  r are  sway  and 

yaw  velocity,  5 is  rudder  angle  and  n is  the  displacement  from  the  canal 

centerline.  The  terms  Y , Y , Y.  , Y.  , Y , Y.  , N , N , N.,  N. , N,s,  and  N_  represent 

the  derivatives  of  side  force  and  yaw  moment  with  respect  to  the  corresponding 

variables  v,  r,5  and  n ; and  the  terms  Yp  and  Np  represent  the  force  and 

moment  loadings  Imposed  by  another  passing  ship.  The  coordinate  system  used 

is  shown  in  Figure  1 . The  origin  is  located  at  the  ship  center  of  gravity, 

the  positive  x-axis  is  along  the  ship  centerline  toward  the  bow,  and  the 

positive  y-axis  direction  is  to  port.  Positive  moment  is  defined  to  be 

counter-clockwise.  These  equations  for  the  sway  and  yaw  acceleration 

may  be  integrated  in  a time  history  simulation  to  produce  velocities, 

which  in  turn  may  be  integrated  to  produce  the  trajectory  of  ship  motion. 

In  order  to  carry  out  the  time  history  simulation,  the  values  of 
the  various  coefficients  must  be  known  and  suitable  initial  conditions 


must  be  prescribed.  The  equations  of  motion,  without  the  terms  describing 
passing  loads  and  displacement  from  canal  centerline,  have  been  used 


*A  complete  listing  of  references  is  given  on  page  15  . 
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extensively  to  simulate  the  dynamics  of  a single  ship  moving  In  unrestricted 

waters.  There  Is  an  extensive  data  base  of  coefficients  for  this  situation, 

Including  many  coefficients  representing  nonlinear  effects  not  shown 

In  the  equations  above.  For  the  case  of  a single  ship  moving  in  a canal, 

the  available  data  Is  much  more  limited.  Side  force  and  yaw  moment 

coefficients  due  to  offset  from  a canal  centerline  have  been  calculated 

2 

analytically  by  Beck  , with  fair  agreement  with  experimental  data. 

The  most  complete  set  of  data  was  obtained  by  Fujlno^,  who  did  experiments 
on  a Mariner  hull  In  shallow  water  and  In  a canal.  His  data  has  been 
used  for  the  simulations  presented  In  this  report. 

Fujlno  has  shown  that,  because  of  the  asymmetry  of  flow  when  a 
ship  moves  along  a path  off  the  centerline  of  a canal,  there  exists 
a steady,  non  zero  side  force  and  yaw  moment  on  the  ship.  The  side  force 
acts  In  a direction  that  tends  to  attract  the  hull  to  the  near  canal 
wall,  while  the  moment  Is  In  a direction  which  turns  the  bow  away  from 
the  near  wall.  Thus,  In  order  for  a ship  to  move  along  an  equilibrium 
path  displaced  from  a canal  centerline,  these  loads  must  be  offset 
by  a combination  of  rudder  action  and  ship  yaw  angle  (resulting  In 
an  angle  of  attack  which  develops  "lift").  Preliminary  simulation  runs 
were  made,  using  Fujlno 's  coefficients,  to  determine  the  required  amount 
of  rudder  offset  to  maintain  a steady  Initial  path  at  a prescribed  distance 
off  the  canal  centerline. 

Data  concerning  the  loads  Imposed  by  another  passing  ship  are  even 
more  limited  than  the  data  concerning  a single  ship  in  a canal.  The 
case  of  a ship  passing  another  stationary  ship  In  shallow  water  (but 
without  any  width  restriction)  has  been  studied  by  Yung  , but  the  only 
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published  data  for  the  case  of  two  ships  moving  In  opposite  directions 
was  provided  by  Moody^.  Moody  presented  force  and  moment  data  obtained 
experimentally  for  two  ships  passing  In  a canal,  but  his  data  covers  only 
two  speeds,  one  value  of  the  lateral  separation  distance  (>7),  and  one 
water  depth  to  ship  draft  ratio  (h/d).  Because  of  the  lack  of  passing 
load  data,  a major  portion  of  this  study  was  devoted  to  obtaining  such 
data  for  additional  values  of  the  speed,  separation  and  depth  to  draft 
ratio  parameters. 


EXPERIMENTAL  ARRANGEMENT 

Experiments  were  run  In  the  140-foot  basin  at  DTNSRDC  to  determine  the 
forces  and  moments  exerted  on  a ship  when  passing  another  ship  head  to  head. 
The  scale  ratio  X 50  was  determined  by  the  width  of  the  basin,  3.05  m , 
representing  the  152.4  m width  of  the  Galllard  cut.  The  models  chosen 
for  this  experiment  were  two  3.84  m Mariners,  corresponding  to  two 
192  m ships.  The  Mariners  were  identical  except  for  a 3 percent  bulb 
on  one  of  the  models.  The  basin  was  filled  to  a depth  of  .25  m ^ 
modeling  a depth  of  12.8  m in  the  Galllard  cut. 

The  model  on  which  the  forces  and  moments  were  measured  was  mounted 
to  the  carriage  by  two  braced  struts.  Two  force  blocks  were  mounted 
between  the  bottom  of  each  strut  and  the  model  to  measure  axial  and 
transverse  forces.  Since  the  model  was  solidly  attached  to  the  struts, 
the  model  could  not  sink  or  trim.  This  model  was  mounted  .625  m off 
the  centerline  of  the  tank. 

The  other  model  followed  a 12.7  mm  steel  cable  that  ran  parallel 
to  the  centerline  of  the  tank.  Guide  arms  were  mounted  to  the  model 
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to  guide  the  model  along  the  cable  while  restraining  it  in  sway  and 
yaw.  The  arms  were  moved  Inboard  or  outboard  of  the  model  to  change  the 
spacing  between  it  and  the  model  attached  to  the  carriage.  This  model 
was  free  to  sink  and  trim,  and  is  referred  to  as  the  free  model  as  opposed 
to  the  fixed  model  that  is  attached  to  the  carriage. 

Two  pulleys  were  mounted  at  each  end  of  the  tank  and  a 3.2  mm 
steel  cable  was  run  through  thea.  Both  ends  of  the  cable  were  attached 
to  the  carriage,  making  one  continuous  loop  that  ran  the  length  of  the 
tank.  The  free  model  was  attached  to  this  loop  of  cable  to  tow  it. 

This  arrangement  allowed  the  free  model  to  be  towed  indirectly  by  the 
carriage  at  the  same  speed  as  the  carriage  model,  but  in  the  opposite 
direction.  Microswitches  triggered  by  the  carriage  moving  down  the 
tank  were  used  to  record  on  a strip  chart  when  the  models  were  bow  to 
bow  and  stern  to  stern  because  the  towing  wire  Insured  that  the  models 
would  pass  at  the  same  spot  in  the  tank  for  every  run.  The  towing  wire 
also  meant  that  the  free  model  did  not  have  to  be  powered.  This  is  an 
Improvement  over  the  setup  used  by  Moody,  where  the  free  model  used 
only  its  propeller  to  drive  it.  Figure  2 is  a sketch  of  the  setup  in 
the  140  foot  basin. 


DESCRIPTION  OF  EXPERIMENTS 

The  passing  tests  were  run  with  three  different  clearances  between 
the  two  models.  The  changes  were  made  by  moving  the  free  model  closer 
to  or  further  away  from  the  fixed  model.  The  spaclngs  that  were  used 
corresponded  to  full  scale  spaclngs  of  15.24,  30.48  and  45.72  m between 
the  sides  of  the  ships. 


since  the  depth  to  draft  ratio  Is  Important  In  shallow  water, 
two  depth  to  draft  ratios,  1.2  and  1.5,  were  used.  These  represent  drafts 
of  10.67  m and  8.53  m respectively.  The  different  ratios  were  achieved 
by  only  changing  the  draft  of  the  models.  The  speeds  run  were  4.5,  6.0, 

7.5,  and  9.0  knots,  full  scale.  At  the  larger  spaclngs,  4.5  knots  was 
not  run  because  the  forces  and  moments  were  masked  by  the  noise  In  the 
data. 

Drag,  speed,  side  force,  and  yaw  moment  about  the  center  of  gravity 
were  plotted  on  a strip  chart  for  each  run.  If  the  fixed  model  was 
powered,  the  thrust  and  rpm  were  also  plotted.  Microswitches  triggered 
by  the  model  carriage  would  trigger  a marker  on  the  strip  chart  to  indicate 
when  the  models  were  bow  to  bow  and  stern  to  stern. 

Figures  3 through  5 show  the  models  during  different  phases  of  the  passing 
maneuver,  and  Figure  6 shows  the  strut  attachment  system.  The  measured  passing 
loads  are  shown  In  Figures  7 through  12. 

SIMULATION  OF  PASSING  MANEUVERS 

The  equations  of  motion  (1)  were  programmed  on  a computer  such 
that  time  histories  of  the  ship  motion  parameters  could  be  generated 
for  the  various  loadings  obtained  from  the  passing  experiments.  The 
side  forces  from  the  experiments  were  scaled  in  proportion  to  \ and  the 
yaw  moments  were  scaled  in  proportion  to  The  scale  ratio  X = 50 

resulted  in  a full  scale  ship  length  of  192  m LWL  In  a 152.4  m wide  canal. 

A two  second  time  Increment  (full  scale)  was  used  in  all  simulations. 

Appropriate  Initial  conditions  were  obtained  by  running  the  simulation 
program  with  passing  loads  set  to  zero  and  determining  the  rudder  angle 


required  Co  maintain  the  ship  at  a distance  from  the  canal  centerline 
equal  to  Chat  used  In  the  model  passing  experiments  ( 31.24  m ).  As 
shown  by  Fujlno^,  a rudder  control  gain  proportional  to  heading  Is 
required  to  stabilize  a Mariner  type  hull  In  a canal.  Therefore, 
a rudder  control  equation  combining  offset  plus  heading  sensitivity 
was  used  In  the  simulations.  The  rudder  equation  adopted  was: 


5^  + kij) 


where  is  a constant  rudder  offset,  Is  the  ship  heading  relative  to 

Che  canal  axis,  and  k Is  the  rudder  control  gain.  A gain  of  k > 4 was  used 
In  all  the  simulations.  It  was  found  that  for  h/d  = 1.5,  the  approprlac** 
value  of  8q  was  4 degrees  to  starboard,  resulting  In  a 0.5  degree  port 
heading  and  a steady  rudder  angle  of  6 degrees  starboard  to  maintain 
an  offset  of  31.24  m before  Che  passing  phase  of  a simulation. 

For  h/d  = 1.2,  a value  8^  = 10.2  degrees  (starboard)  was  required,  resulting 
In  0.3  degrees  port  heading  and  a steady  11.5  degree  starboard  rudder 
to  maintain  the  prescribed  offset.  These  values  of  control  offset  were 
used  In  all  subsequent  passing  simulations. 

The  passing  simulations  were  all  made  using  the  experimentally 
determined  passing  loads  over  a range  of  stagger  ratios  x/L  =*  3 to  -4, 
corresponding  to  the  maximum  length  of  run  obtainable  In  the  model  basin. 

The  resulting  ship  trajectories  are  shown  In  Figures  13-18,  corresponding 
to  the  loading  conditions  In  Figures  7-12.  The  displacement  from  the 
original  path  Is  hardly  noticeable,  with  the  worst  case  being  at  h/d 
= 1.2,  ^ = 15.24  m and  = 9 knots.  For  this  condition,  the  time  histories 


of  lateral  displacement  (^),  heading  and  rudder  angle  (§)  are  shown 
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in  Figure  19.  It  should  be  noted  that  for  this  case,  the  lateral  displacement 
is  still  increasing  at  the  end  of  the  simulation  at  x/L  ■ -3.5  (the  limit 
of  the  data  available  in  Figure  12),  so  that  it  is  not  known  what  the 
maximum  displacement  would  be  for  this  condition.  Maximum  values  of 
t;  , ^ and  5 for  the  other  simulated  conditions  are  shown  in  Table  1. 

ACCELERATION  AND  DECELERATION  IN  MIRAFLORES  LAKE 

The  problem  of  crossing  Mlraf lores  Lake  in  a minimum  amount  of 
time  Involves  consideration  of  both  the  axial  dynamics  of  the  ship 
and  the  lateral  plane  dynamics  during  axial  acceleration  and  deceleration. 

The  optimum  propulsion  control  strategy  will  be  a function  of  ship  mass, 
hull  and  propeller  hydrodynamics  (with  propeller  turning  both  ahead  and 
astern),  and  the  dynamic  properties  of  the  machinery  plant.  These  factors 
will  be  different  for  the  various  types  of  ships  using  the  Panama  Canal, 
and  in  general,  detailed  information  is  not  available  for  these  factors 
for  all  types  of  ships.  It  is  recommended  that  such  information  be  obtained 
in  the  future  for  several  selected  ship  classes  (such  as  a "PANAMAX"  tanker 
or  a high  powered  container  ship).  An  axial  motion  dynamic  simulation, 
similar  to  the  lateral  plane  simulation  described  previously,  could  then  be 
developed  and  exercised  for  the  selected  ship  types,  to  find  the  minimum 
passage  time  strategy. 

The  lateral  plane  dynamics  (following  a desired  path  and  heading)  will 
be  strongly  affected  by  the  Interaction  of  the  propeller  with  the  hull  during 
deceleration.  As  shown  by  Crane^,  when  the  main  propulsion  engine  Is  either 
stopped  or  reversed,  the  rudder  effectiveness  Is  greatly  reduced  and  the  ship 
Is  essentially  out  of  control  during  a stopping  maneuver. 
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Control  may  be  recovered  by  occasional  bursts  of  forward  propeller 
revolutions,  but  this  type  of  strategy  may  not  be  feasible  In  Mlraf lores 
Lake,  where  permissible  head  reach  Is  definitely  limited.  It  Is  likely 
that  the  problem  of  lateral  plane  control  during  stopping  will  be  a severe 
limitation  on  ship  operation,  and  tugboats  probably  will  be  required  to 
assist  a large  ship  whenever  the  main  engine  Is  stopped  or  reversed.  The 
number  or  size  of  tugs  required  could  be  determined  from  additional  simulation 
studies,  but  again  a major  problem  would  be  to  obtain  the  various  coefficients 
necessary  for  the  simulation.  In  the  case  of  stopping  maneuvers,  these  would 
Include  coefficients  describing  propeller-rudder  Interaction  and  tugboat 
effects  as  well  as  the  restricted  water  maneuvering  coefficients  used  In 
the  simulations  In  this  report. 


DISCUSSION 

The  forces  and  moments  Increased  with  decreasing  h/d  and  17  , and 
Increasing  speed,  as  expected.  The  maximum  positive  moment  occurred  when  the 
models  were  approximately  stern  to  stern,  but  there  was  also  a large  negative 
moment  (see  Figure  1 for  definitions  and  sign  conventions)  when  the 
models  were  between  bow  to  bow  and  midship  to  midship.  The  maximum  positive 
side  force  (attracting  the  two  ships)  occurred  just  after  midship  to  midship. 
The  models  showed  decreasing  drag  between  x/L  • 0 and  1 , and  increasing 
drag  between  x/L  = 0 and  -1. 

After  the  two  models  had  passed,  the  side  force,  drag,  and  moment 
oscillated  with  a period  of  4-1/2  to  5 seconds,  with  the  period  fairly 
Independent  of  speed.  These  oscillations  were  relatively  large.  The 
peaks  of  the  moment  oscillations  were  just  slightly  lower  than  the 
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maximum  moment,  and  the  peaks  of  the  side  force  were  1/3  to  1/2  of  the 
maximum  side  force.  These  oscillations  died  out  very  slowly. 

A check  was  made  to  see  If  the  oscillations  were  due  to  the  natural 
frequency  of  the  model  and  strut  system.  The  model  was  given  a large 
side  force  excitation,  and  the  response  was  recorded.  The  natural  frequency 
turned  out  to  be  approximately  one  second,  and  the  response  died  out 
In  2 to  3 seconds.  This  means  that  the  phenomenon  causing  the  side 
force,  drag  and  moment  oscillations  Is  not  due  to  the  strut  system. 

The  phenomenon  might  be  due  to  the  models  causing  the  development 
of  a transverse  standing  wave  in  the  tank.  The  standing  wave  could 
be  excited  by  the  energy  In  the  wakes  from  the  models.  This  would  explain 
why  the  oscillations  do  not  occur  before  the  models  meet  since  the  models 
do  not  enter  the  regions  where  the  standing  wave  has  developed  until 
after  the  models  have  passed.  Also,  the  period  of  the  standing  wave 
would  be  relatively  Independent  of  the  model  speed.  Finally,  the  standing 
wave  would  die  out  slowly,  explaining  the  slow  decay  of  the  oscillations. 

4 

Moody  noted  the  same  occurrence  in  his  experiments.  His  period 
of  oscillation  would  correspond  to  a period  of  4.93  seconds  at  our  model 
scale. 

Figures  7 through  12  are  plots  of  side  force,  drag  and  moment  versus 
stagger  ratio.  Runs  of  the  fixed  model  by  Itself  were  subtracted  from 
the  runs  of  the  two  models  passing  to  eliminate  the  noise  due  to  the 
carriage.  That  Is  why  the  side  force,  moment,  and  drag  are  approximately 
zero  on  these  plots  before  the  passing  occurs. 

In  general,  the  loads  Imposed  by  a passing  ship  do  not  cause  unreasonably 
large  displacements  of  a ship  from  Its  original  path,  for  the  conditions 
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simulated  In  this  report.  The  worst  simulated  case  Is  that  for  a 9 knot 
speed  (both  ships),  passing  with  a clearance  of  15.24  m between  them,  and 
and  with  a canal  depth  to  draft  ratio  of  1.2.  Under  these  conditions  the 
ship  may  be  displaced  from  its  original  path  by  more  than  6 meters  . 

As  shown  in  Figure  19,  the  initial  passing  phase  between  x/L  ■ 1 (bow 
to  bow)  and  0 (midship  to  midship)  is  cruical  to  the  subsequent  trajectory 
simulation.  In  this  phase  the  passing  loads  initially  repel  the  bow 
of  the  ship  away  from  the  passing  ship.  Because  the  rudder  control  equation 
(2)  used  in  the  simulations  does  not  anticipate  the  passing  encounter,  but 
rather  only  reacts  to  a heading  change  caused  by  integrating  the  response  to 
the  loads,  the  initial  change  in  heading  can  cause  the  ship  to  move 
off  its  original  path  before  it  is  checked  by  rudder  action.  Superimposed 
on  this  original  transient  is  an  oscillatory  motion  caused  by  the  observed 
oscillation  in  the  passing  loads,  possibly  caused  by  a standing  wave 
set  up  in  the  canal  by  the  passing  ship.  This  oscillation,  while  not 
the  dominant  response,  forms  a significant  part  of  the  total  ship  motion. 

The  range  of  parameters  covered  here  is  still  quite  limited,  and 
it  is  not  yet  possible  to  determine  the  limits  of  safe  two  way  traffic 
in  a canal.  There  are  a number  of  other  parameters  which  need  to  be 
explored.  The  size  and  shape  of  the  passing  ships  will  affect  their 
maneuvering  coefficients  as  well  as  the  passing  loads,  and  only  two 
192  m ships  with  the  proportions  of  a Mariner  hull  were  considered 
here.  A more  reasonable  representation  of  rudder  control  is  required, 
which  should  include  anticipation  of  the  passing  situation  (i.e.  the 
human  factor  Involving  a pilot)  and  the  limits  on  rudder  rate  and  maximum 
deflection  which  exist  on  a real  ship. 
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It  is  possible  that  the  most  severe  condition  for  a passing  situation 
would  be  when  the  passing  occurs  In  a bend  of  a canal,  and  this  situation 
has  not  been  covered  In  this  report.  Since  the  simulated  ship  trajectory 
generally  tended  to  deviate  away  from  the  passing  ship,  toward  the  canal 
wall,  a ship  passing  another  In  a bend  could  be  driven  Into  the  outside 
bank  of  the  canal.  Another  possibility  which  must  be  examined  In  more 
detail  Is  that,  while  the  center  of  gravity  of  a ship  may  remain  close 
to  a desired  path  during  passing,  the  heading  change  Imposed  by  the 
passing  loads  may  cause  the  bow  or  stern  to  swing  sufficiently  to  collide 
with  either  the  canal  bank  or  the  passing  ship. 

Finally,  It  should  be  noted  that  the  simulation  model  used  here 
was  entirely  linear,  and  It  Is  recognized  that  many  of  the  hydrodynamic 
loads  may  be  nonlinear  functions  of  velocity,  displacement  and  heading. 

At  present,  the  data  describing  the  hydrodynamic  loads  on  ships  In  canals 
Is  very  limited,  and  data  on  nonlinear  effects  Is  virtually  unavailable. 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  model  experiments  and  ship  motion  simulations  reported  here 
Indicate  that  It  may  be  feasible  to  allow  two  way  traffic  with  large 
ships  In  the  Galllard  Cut  of  the  Panama  Canal.  The  simulations  Indicate 
that  for  speeds  up  to  7. 5^ knots  and  slde-to-slde  clearances  as  small 
as  15.24  m,  a 192  m LWL  ship  will  be  displaced  from  Its  Intended  track 
by  less  than  6 meters. 

However,  this  study  should  be  considered  preliminary  since  It  considers 
only  two  Identical  ships  passing  In  a straight  portion  of  the  cut,  pnd  only 
linear  coefficients  are  Included  in  the  mathematical  model.  Further 
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work  Is  needed  to  expand  the  data  base  of  coefficients  to  cover  other 
types  of  ships  In  different  types  of  passing  situations,  with  a more 
realistic  simulation  model. 

The  problem  of  the  axial  dynamics  of  a ship  crossing  Mlraf lores 
Lake,  has  been  discussed  briefly,  and  It  has  been  pointed  out  that  a time 
history  simulation  analogous  to  that  used  for  lateral  plane  (sway  and 
yaw)  dynamics  would  be  a useful  tool  for  studying  the  problem.  At  present, 
this  approach  Is  also  limited  by  the  severe  shortage  of  data  suitable 
for  use  In  such  a simulation.  It  Is  recommended  that  such  Information  be 
obtained  in  the  future  for  several  selected  ship  classes  (such  as  a "PANAMAX" 
tanker  or  a high  powered  container  ship) . 
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TABLE  1 


MAXIMUM  VALUES  OF  LATERAL  OFFSET,  HEADING  AND  RUDDER 
ANGLE  FOR  SIMULATED  PASSING  MANEUVERS 


h/d 

>7  (meters) 

U^  (knots) 

offset (meters) 

heading  (deg) 

rudder  (deg) 

1.2 

15.24 

6 

33.5 

1.2  (port) 

15.2 

(stbd) 

1.2 

15.24 

7.5 

37.4 

1.4  (stbd) 

14.6 

(stbd) 

1.2 

15.24 

9 

39.3* 

1.8  (stbd) 

16.1 

(stbd) 

1.2 

30.48 

7.5 

33.6 

0.9  (stbd) 

13.7 

(stbd) 

1.5 

15.24 

7.5 

32.0 

0.8  (port) 

7.3 

(stbd) 

1.5 

30.48 

7.5 

32.9 

1.0  (port) 

7.9 

(stbd) 

*Note:  For  this  case,  offset  was  still  increasing  at  end  of  simulation 
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/ DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

I 1.  OTNSRDC  REPORTS,  A FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH- 

NICAL VALUE.  THEY  CARRY  A CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
i THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS,  A SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A PRELIM- 
INARY, TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

I 3.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 

! OF  LIMITED  USE  AND  INTEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 

' TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 

NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A CASE-BY-CASE 
i BASIS. 
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